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Abstract
Background: The need for pre- or peri-procedural imaging to rule out the presence of 
left atrial thrombus in patients undergoing catheter ablation of atrial fibrillation (AF) 
is unclear in the era of uninterrupted direct oral anticoagulant (DOAC) regimen. We 
sought to examine the safety of catheter ablation in appropriately selected patients 
with paroxysmal AF without performing screening for left atrial thrombus.
Patients and Methods: Consecutive patients planned for radiofrequency AF cath-
eter ablation between January 2016 and June 2020 were enrolled, and prospectively 
studied. All subjects were receiving uninterrupted anticoagulation with DOACs for 
at least 4 weeks before the procedure. All subjects were in sinus rhythm the day of 
the procedure. The primary outcome of the study was ischemic stroke or transient 
ischemic attack (TIA) during at 30 days.
Results: A total of 451 patients (age 59.7 ± 10.2 years, 289 males) with paroxysmal 
AF were included in the study. The mean CHA2DS2-VASc score was 1.4 ± 1.2. The 
mean left ventricular ejection fraction and left atrial diameter were 60  ±  5% and 
39.3  ±  4  mm, respectively. Regarding the anticoagulation regimen, apixaban was 
used in 197 (43.6%) patients, rivaroxaban in 148 (32.8%) patients, and dabigatran in 
106 (23.5%) patients. None of the patients developed clinical ischemic stroke or TIA 
during the 30-day post-discharged period.
Conclusions: Catheter ablation can be safely performed in low-risk patients with par-
oxysmal AF without imaging for the detection of left atrial thrombus in the era of 
uninterrupted DOAC anticoagulation.
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1  | INTRODUC TION

Transesophageal echocardiography (TOE) is considered the gold 
standard for the assessment of preexisting left atrial (LA) throm-
bus in the setting of atrial fibrillation (AF) catheter ablation (CA).1 
Intracardiac echocardiography or cardiac computed tomography are 
also used, but less commonly, for this reason.2–4 Based on the most 
recent expert consensus statement on AF CA, TOE is reasonable in 
patients who present in sinus rhythm and have not been anticoagu-
lated prior to CA and in patients who are in AF and have been receiv-
ing anticoagulation for at least 3 weeks before the procedure (Class 
IIa indication).1 However, in this consensus statement, only 51% of 
the Task Force members perform TOE in all patients undergoing AF 
CA, irrespective of the presenting rhythm and the anticoagulation 
treatment.1

Initial AF CA studies with an interrupted periprocedural antico-
agulation strategy with vitamin K antagonists (VKAs) question the 
use of preprocedural TOE in patients undergoing AF CA.5,6 Recent 
randomized trials have demonstrated the safety of uninterrupted 
direct oral anticoagulants (DOACs) as compared to uninterrupted 
VKAs in patients undergoing AF CA.7–9 In a recent meta-analysis, 
uninterrupted periprocedural DOACs have been associated with a 
lower incidence of cerebrovascular events as compared with unin-
terrupted VKAs.10 Whether adoption of an uninterrupted antico-
agulation strategy with DOACs obviates the need of TOE or other 
imaging to screen for the presence of LA thrombus in adequately 
anticoagulated patients undergoing AF CA remains a knowledge 
gap. Previous reports addressing this issue have incorporated in-
tracardiac echocardiography or cardiac computed tomography.2–4 
In this prospective study, we sought to examine the safety of par-
oxysmal AF CA in adequately anticoagulated patients with DOACs 
without performing pre- or peri-procedural screening for left atrial 
thrombus.

2  | METHODS

2.1 | Patient population

Consecutive patients planned for radiofrequency AF CA between 
January 2016 and June 2020 were enrolled, and prospectively 
studied. Patient demographics, medical history, medications, and 
echocardiographic data (ie, left ventricular ejection fraction [LVEF], 
LA diameter, and the presence of valvular heart disease) were col-
lected in all cases. The thromboembolic risk was estimated with the 
CHA2DS2-VASc score. Written informed consent was obtained from 
all participants, according to institutional guidelines.

2.2 | Exclusion criteria

Study exclusion criteria included AF as the presenting rhythm at 
the day of the procedure, persistent or long-standing persistent AF, 
previous LA ablation procedures, inadequate anticoagulation for 
≥4 weeks prior to the ablation procedure, VKAs use, history of LA 
thrombus, previous stroke or transient ischemic attack (TIA), history 
of end-stage renal disease, structural heart disease (LVEF <45%, hy-
pertrophic cardiomyopathy, severe valvular heart disease, and con-
genital heart disease), and LA enlargement >45 mm. Patients that 
did not complete the predefined follow-up were also excluded from 
the analysis.

2.3 | Periprocedural anticoagulation and catheter 
ablation procedure

All subjects were receiving uninterrupted anticoagulation with 
DOACs (apixaban 5 mg twice daily, rivaroxaban 20 mg once daily, 
or dabigatran 150 mg twice daily) for at least 4 weeks before the 
procedure. Reduced doses of DOACs were prescribed according 
to drug-dosage instructions. The last dose of rivaroxaban was 
taken on the evening prior to the procedure, whereas the last 
doses of apixaban and dabigatran were taken on the morning of 
the procedure. During the procedure, we maintained an activated 
clotting time between 300 and 400  seconds using intravenous 
administration of unfractionated heparin. Sheaths were irri-
gated with heparinized normal saline throughout the procedure. 
DOACs were readministered 3-4 hours after the procedure and 
continued for at least 3 months or longer, based on the CHA2DS2-
VASc score.

The ablation procedure has been described in details else-
where.11 In brief, following a single transseptal puncture, the 
three-dimensional geometry of the LA was reconstructed using the 
CARTO 3 navigation system (Biosense Webster, Inc). All subjects 
underwent the same ablation protocol including wide circumfer-
ential pulmonary vein antral isolation (PVAI) around ipsilateral pul-
monary veins (PVs) using a Thermocool SmartTouch irrigated-tip 
contact force-sensing ablation catheter (Biosense Webster, Inc). 
Radiofrequency energy was applied for 15-20 seconds at each point 
using a maximum power of 40 W for the anterior wall and 30-40 W 
for the posterior wall, maximum temperature of 42°C, and flow rate 
of 17 mL/min. Operators attempted to maintain contact force val-
ues between 8 and 20 g throughout the procedure. Complete PVAI 
(entrance and exit block) was confirmed in all cases after a waiting 
period of 30 minutes. No lines or electrograms-based ablation were 
performed in this series of patients.
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2.4 | Post-ablation care and follow-up

Patients were hospitalized for 24 hours after CA. Transthoracic 
echocardiography was performed after the procedure to rule 
out the presence of pericardial effusion. A detailed neurologi-
cal examination was performed in all subjects before discharge 
in order to exclude ischemic stroke or TIA. Additionally, a post-
discharged 30-day outpatient clinic examination was carried 
out.

2.5 | Outcomes

The primary outcome was incident ischemic stroke (defined as a 
neurologic deficit lasting >24 hours due to acute focal injury of the 
central nervous system [brain, retina, or spinal cord]) or TIA (defined 
as a transient episode of neurologic dysfunction with spontaneous 
clinical resolve within 24 hours) during the 30-day post-discharged 
period.

2.6 | Statistical analysis

Continuous variables were presented as mean values  ±  standard 
deviation, while categorical ones were presented as absolute and 
relative frequencies (percentages). Analyses were done with SPSS 
(version 17.0, SPSS Inc).

3  | RESULTS

The initial study population included 1280 patients referred 
for AF CA. After applying the exclusion criteria, a total of 451 
patients with paroxysmal AF (mean age 59.7  ±  10.2  years old, 
289 males) were enrolled in a prospective manner. The clini-
cal, echocardiographic, procedural, and medication data of the 
study cohort are depicted in Table 1. The mean CHA2DS2-VASc 
score was 1.4 ± 1.2. Specifically, 116 (25.7%) patients displayed 
CHA2DS2-VASc score 0, 138 (30.6%) patients 1, 114 (25.3%) 2, 
54 (12%) 3, 24 (5.3%) 4, 4 (0.9%) 5, and 1 (0.2%) 6. The mean 
LVEF and LA diameter were 60 ± 5% and 39.3 ± 4 mm, respec-
tively. All subjects were in sinus rhythm the day of the proce-
dure. Regarding the anticoagulation regimen, apixaban was 
used in 197 (43.6%) patients, rivaroxaban in 148 (32.8%) pa-
tients, and dabigatran in 106 (23.5%) patients. There were no 
procedural-related deaths, while four (0.9%) patients experi-
enced a complication. Specifically, one (0.2%) patient exhibited 
cardiac tamponade that was managed with pericardiocentesis, 
two (0.4%) patients developed mild pericardial effusion that was 
treated conservatively, and one (0.2%) patient had a femoral ar-
teriovenous fistula at the puncture site. None of the patients 
developed clinical ischemic stroke or TIA during the 30-day 
post-discharged period.

4  | DISCUSSION

This single-center study demonstrated the proof-of-concept that AF 
CA can be safely performed without preprocedural imaging in pa-
tients with paroxysmal AF in the setting of uninterrupted DOAC an-
ticoagulation. None of the patients meeting these criteria developed 
an ischemic stroke or TIA during 30-days of follow-up.

The utility of preprocedural imaging with TOE in patients under-
going AF CA has been initially investigated in studies incorporating 
an interrupted anticoagulation strategy. In a study of interrupted 
anticoagulation strategy (warfarin with periprocedural bridging 
therapy with enoxaparin), the incidence of LA thrombus detected 
by TOE was 1.47%.5 Persistent AF, female sex, structural heart dis-
ease, and LA enlargement were predictors of LA thrombus. Of note, 
all patients with LA thrombus had persistent or long-standing AF 
and dilated LA. In a similar study, the prevalence of LA thrombus 

TA B L E  1   Baseline characteristics and outcomes of the included 
patients

Variables
n = 451 
patients

Clinical data

Age (years) 59.7 ± 10.2

Sex (males) 289 (64.1%)

CHA2DS2-VaSC score 1.4 ± 1.2

Hypertension (%) 220 (48.8%)

Diabetes mellitus (%) 36 (8%)

Dyslipidemia (%) 145 (32.2%)

AF duration (years) 4.3 ± 3.5

Echocardiographic and procedural data

LVEF (%) 60 ± 5

LAD (mm) 39.3 ± 4

Procedure duration (min) 119.9 ± 58.3

Anticoagulation regimen

Rivaroxaban (%) 148 (32.8%)

Apixaban (%) 197 (43.6%)

Dabigatran (%) 106 (23.5%)

Other medications

Class IC antiarrhythmic drugs (%) 207 (45.9%)

Class III antiarrhythmic drugs (%) 73 (16.2%)

β-blockers (%) 176 (39%)

ACEi/ARBs (%) 178 (39.5%)

Statins (%) 164 (36.4%)

Procedural-related complications

Small pericardial effusion (%) 2 (0.4%)

Femoral arteriovenous fistula (%) 1 (0.2%)

Cardiac tamponade (%) 1 (0.2%)

Stroke/TIA (%) 0 (0%)

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARBs, 
angiotensin II receptor blockers; LAD, left atrial diameter; LVEF, left 
ventricular ejection fraction; TIA, transient ischemic attack.



     |  31EFREMIDIS et al.

was 1.9%.6 Hypertension, older age and structural heart disease 
have been associated with thrombus formation. No thrombus were 
detected in patients without clinical risk factors.6 In addition, the 
CHA2DS2VASc score has been shown to identify patients that do 
not require TOE prior to AF CA in a study adopting an interrupted 
anticoagulation strategy. None of the patients with a score of 0 or 
1 displayed LA thrombus.12 Based on these initial reports incorpo-
rating an interrupted anticoagulation approach with VKAs, patients 
with LA thrombus commonly display certain high-risk features.

During the last decade the periprocedural anticoagulation of 
AF CA has been considerably changed. The interrupted approach 
has been abandoned and the DOACs is the preferred anticoagu-
lation regimen. The advent of the uninterrupted anticoagulation 
therapy as a recommended protocol, significantly reduced the 
periprocedural stroke and bleeding complications compared with 
bridging therapy.13 Recent randomized studies have demonstrated 
the excellent safety profile of uninterrupted DOACs as compared 
to uninterrupted warfarin in patients undergoing AF CA.7–9 Of 
note, in RE-CIRCUIT (dabigatran) and VENTURE-AF (rivarox-
aban) trials, thromboembolic events occurred only in the warfa-
rin group.7,8 In a large cohort of 6186 patients with an average 
CHA2DS2-VASc score of 2.86  ±  1.58 who underwent AF CA on 
uninterrupted DOAC regimen for at least 4 weeks before the pro-
cedure, intracardiac echocardiography ruled out the LA thrombus 
in all patients and revealed “smoke” in 1672 (27.03%) patients.2 
TIA was observed in one patient with persistent AF, in the setting 
of a missed dose of rivaroxaban prior to ablation. This study mainly 
underscores the excellent safety profile of uninterrupted DOAC 
strategy at least 4-weeks before the procedure in high stroke risk 
patients referred for AF CA. However, even in this study, intra-
cardiac echocardiography was used as an alternative to TOE. Di 
Biase et al enrolled mainly persistent AF patients who underwent 
AF CA while on uninterrupted apixaban and rivaroxaban regimen.3 
Intracardiac echocardiography was performed in all patients to ex-
clude LA thrombus, but in only 71% of them the LA appendage was 
visualized. In the rest of the patients (29%), AF ablation was per-
formed without imaging of the LA appendage. In this study, only 
one (0.1%) patient with long-standing AF suffered a TIA. In a study 
assessing the trends in TOE use since transition to a strategy of 
uninterrupted warfarin or briefly interrupted DOAC therapy, the 
use preprocedural TOE dropped significantly throughout a 5-year 
period, from 86% to 42%, without an increase in thromboembolic 
events.14 Dense spontaneous echo contrast and LA thrombus 
were associated with persistent AF, higher CHA2DS2VASC score, 
increased LA size, reduced LA appendage flow velocity, and de-
creased LVEF. Preprocedural TOE may be practically avoided in 
patients without high-risk features.14

Up to now, there is only one report addressing the safety of AF 
CA without pre- or peri-procedural imaging.15 In this study, 1231 pa-
tients underwent AF CA on uninterrupted DOAC and the present-
ing rhythm was AF or atrial flutter. Thromboembolic complications 
occurred in 5 (0.4%) patients.15 Our study differs with respect to 
patient selection offered an AF CA without pre- or peri-procedural 

imaging. We demonstrated the excellent safety of AF CA on un-
interrupted DOAC regimen without imaging for LA thrombus in a 
carefully selected population with paroxysmal AF displaying low 
thromboembolic risk (mean CHA2DS2-VASc score of 1.4 ± 1.2) and 
absence of significant LA enlargement. Based on our findings, pa-
tients without risk factors for the presence of LA thrombus such as 
persistent AF, structural heart disease, and dilated LA,2,3,5,6,12–14 can 
safely undergo AF CA without pre- or peri-procedural imaging.

TOE presents a certain risk of complications including injuries of 
the oral, esophageal, and gastrointestinal tracts, bleeding of esopha-
geal tract, changes in esophageal integrity, dysphagia, or odynopha-
gia, laryngeal palsy, and very rarely death (0.01%-0.02%).16 These 
complications can be aggravated during CA procedures in the set-
ting of high anticoagulation conditions. Given the near zero rate of 
thromboembolic events in the era of uninterrupted anticoagulation 
with DOACs,7–9 particularly in patients with paroxysmal AF without 
comorbidities, TOE appears to subject a low-risk patient to higher 
risks than benefit. Precautions that minimize fresh thrombus forma-
tion during the procedure by adequate anticoagulation is, therefore, 
more relevant than trying to detect LA appendage thrombus by 
TOE. In addition, in the era of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) pandemic (COVID-19), TOE procedure 
may expose healthcare workers to an increased risk of SARS-CoV-2 
infection through respiratory  droplets. Finally, a cost-effective-
ness study has demonstrated that routine use of TOE is associated 
with considerable cost per quality-adjusted life year.17

In conclusion, AF CA can be safely performed without pre- or 
peri-procedural imaging in the era of uninterrupted DOAC anticoag-
ulation in carefully selected patients with paroxysmal AF.

4.1 | Limitations

The present report has potential limitations. First, the presence of 
thromboembolic events was assessed based on clinical examination. 
Cerebral magnetic resonance imaging was not routinely performed. 
Second, the number of patients is relatively small. Further studies in 
larger number of patients are needed to validate our findings. Finally, 
although patients with AF as the presenting rhythm at the day of the 
procedure were excluded, LA stunning may be present after recent res-
toration of sinus rhythm even in the case of paroxysmal AF predisposing 
these patients to thromboembolic events. Adequate anticoagulation for 
≥4 weeks prior to the ablation procedure may overcome this limitation.
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